Abstract
Introduction
In April 2010, an agreement between AOAC Iinternational and the International Formula Council (IFC) was reached on a 3 year project to develop standards for the analysis of micronutrients in infant formulas and adult nutritionals. The infant formula industry required updated methods that were proven to be accurate, precise, and robust using contemporary techniques for dispute resolution purposes. A set of nutrients was identified by infant formula manufacturers as high priority because of either the lack of a reference method or the existence of a reference method that was considered to be outdated or not validated for a broad range of infant formulas. The Gill, B.D.; Indyk, H.E.; Blake, C.J.; Konings, E.J.M.; Jacobs, W.A.; Sullivan, D. 
Validation Parameters
All candidate methods for each nutrient are subjected to a common SLV protocol using the SPIFAN matrixes (3).
Applicability
The applicability statement of the SMPRs defines the form(s) of analyte that must be included within the scope of a method under consideration. Typically, the SMPRs dictate that the method must also demonstrate its applicability to all forms of infant, adult, and/or pediatric formulas (powders, readyto-feed liquids, and liquid concentrates). To meet this requirement, methods are subjected to SLV utilizing the SPIFAN kit to cover the broad range of pediatric and adult formula product types.
Analyte Forms
A critical component in the assessment of a method is whether the correct analyte forms are measured as specified in the SMPRs. As a minimum, all analyte forms identified in the SMPRs should be included as part of the method validation. Other forms of the analyte may be desirable but are not mandatory.
Range
The analytical range defined in the SMPRs is generally chosen for a particular analyte to be from 20% of the lower limit to 200% of the upper limit required by global regulatory authorities. For nutrients for which no regulatory limits exist, 20% of the lowest concentration or 200% of the highest concentration to which products are formulated is used.
The establishment of linearity dose-response over the required range is demonstrated by the analysis of a minimum of six levels that span the desired working range. The relative error of backcalculated concentrations determined against a least-squares line of best fit is calculated. Although no criterion for linearity is specified in the SMPRs, it is recommended that calibration errors be <5% over the entire calibration range.
LOD and LOQ
The LOD is defined as the lowest concentration of analyte that can be detected, and the LOQ is defined as the lowest concentration that can be reliably quantitated under the stated conditions of the test (4) . The standard protocol is to perform 10 independent analyses of a blank material or, if there is no detectable signal, a blank material spiked at a low level. The LOD and the LOQ are then where C = concentration expressed as mass/mass or mass/volume fraction The HorRat is a useful reportable indicator as part of any validation study under consideration by the SPIFAN ERP. However, concerns over the applicability of this metric, particularly to analytes at low concentration, limit its usefulness to that of a guideline rather than a strict criterion (8) . Industry 
Accuracy
Bias is a measurement of systematic error representing the difference between the measured value and the true value. However, as the true value is unknown, an accepted reference value is substituted for the true value; thus bias can be determined by the analysis of a certified reference material (CRM) and by comparing the results of the candidate method with those of a reference analytical method (10) . Spike recovery is an additional practical means to assess accuracy and is a required metric for ERP approval. where d ¯ = mean of the differences between the measured results and the certified value; Sm = SD of differences between the measured results and the certified value; n m = number of replicate analyses of the CRM; U CRV = uncertainty of the certified reference value; k = coverage factor used for calculating the expanded uncertainty; and n CRV -1 = DF CRV , where this is calculated for k, using a twosided t distribution at α = 0.05. An empirical model for doing this calculation was obtained by fitting 1/DF against log t 0.05 to a fourth order polynomial for integral values of DF from 2 to 100. The maximum relative error over the fitted range was 0.06%. 
Suitability Factor and Weighting
Because multiple candidate methods may match the target SMPRs, an evaluation system has been developed to facilitate discrimination between methods delivering equivalent performance. A Student's t-test may be used to evaluate whether two similar methods give comparable results Validation parameters are assessed by reviewers and graded by a suitability factor score (1, 3, or 5 ).
The score for each validation parameter is evaluated against the SMPRs where applicable, with methods that demonstrate compliance with the SMPRs given a value of 5. The weighting factors (1, 2, or 3) are empirical values indicating the relative importance of each parameter. In the evaluation of method performance, they are part of the calculation used to determine an overall performance rating by prioritizing key parameters during the SLV. The highest weighting factors in the ERP evaluation are given to accuracy and precision (Table 1) .
Additional Evaluation Parameters
In instances in which more than one method per analyte is under review by the ERP, performance against the SMPRs may be comparable, and qualitative aspects of the analytical methods can be an important tool for differentiating between methods. During the evaluation of the method under consideration, the ERP is asked to consider additional information (Appendix 2).
